In this study, the relationship between consumption and income is investigated from the Absolute Income Hypothesis perspective, by using the Engle and Granger methodology, with an extension to their sample
I. INTRODUCTION
In most of the world economies, consumer expenditure covers 50 % to 70 % of spending (Muellbauer and Lattimore, 1999) . Thus, it is not surprising that consumer expenditure and the consumption function have been some of the most studied topics in macroeconomics. To understand the nature of the consumption expenditure, we should first understand the fundamental theories about consumption because modern research about the topic has mainly been based on these theories (Fernandez-Corugedo, 2004) . The fundamental theories of consumption are; absolute income hypothesis (Keynes, 1936) , relative income hypothesis (Duesenberry, 1948) , permanent income hypothesis (Friedman, 1957) and life cycle hypothesis (Modigliani, 1986) .
The Absolute Income Hypothesis (AIH), which has an important role in the development of the subsequent theories, was developed in Keynes" (1936) seminal work "General Theory of Employment, Interest and Money". According to Keynes, the consumption function in the Absolute Income Hypothesis is in the form: C = a + bY, where a>0, 0<b<1 (1) Here C represents the real consumption (national or household), Y represents real disposable income, "a" represents the autonomous consumption and "b" represents marginal propensity to consume (MPC). To find the average propensity to consume (APC), by using equation 1, both sides have to be divided by Y. Therefore we can derive APC as:
According to this equation, based on the AIH, when there is an increase in real disposable income, the ratio of C to Y, thus APC, will decrease. On the other hand, MPC, shows how much the real consumption will increase following a unit increase in real disposable income and can be shown as: B = MPC = (ΔC/ΔY) = dC/dY (3)
Based on these specifications, according to Keynes, if we consider the fact that a consumer considers her disposable income when deciding how much to consume, we actually consider her net income. Thus, the AIH states that the real consumption is a function of real income (real disposable income). In other words, what determines the real consumption level is the real income. Here, MPC was expected to be constant and close to 1, and the autonomous consumption, was expected to be small and positive (Fernandez-Corugedo, 2004 ).
The earlier studies, testing the validity of the theory have presented evidences supporting the AIH (Friedman, 1957) . However, the first contradiction with Keynes" AIH was presented in Kuznets" (1946) paper, where he investigated consumption and savings by using a sample period of . In that study, Kuznets stated that even thou there were substantial improvements in the GDP, APC was rather stable. These findings were in contradiction with the AIH stating that as income increased, APC was expected to be decreasing. Studies testing the validity of AIH, using household data and short term data, presented evidence in support of AIH. In some studies where household consumption is investigated, the researchers have presented evidence showing that households with more income had more consumption, which can be regarded as an evidence of MPC being positive as stated by AIH. Thus, the authors have concluded that Keynes" AIH could be used in the estimation of consumer behavior (Pehlivan and Utkulu, 2007) . In another study, Davis (1952) , using the US annual real consumption and real disposable income data over the 1929-1940 period has presented evidences not contradicting with AIH. However, in the following periods, more studies presented evidences showing that, when tested with long term annual data, the consumption function appeared to be misspecified, which is commonly called as "the consumption puzzle" (Mankiw, 1992) .
To solve the consumption puzzle, other hypothesis mentioned earlier was developed. Briefly, the Relative Income Hypothesis (RIH) developed by Duesenberry (1948) , based on psychological factors, states that consumption, in contradiction to AIH, is not only a function of real income, but also a function of highest past income level. According to Duesenberry, the consumption decisions of individuals are not independent of each other"s and thus consumption should be studied from a psychological and social point of view. RIH states the APC as:
Here (Y t /Y 0 ) presents the ratio of the income in time t to the highest past income level, which is presented by Y 0 . According to RIH, a consumer"s APC also depends on the income level distribution group she is in. Therefore, her utility depends not only on her own consumption, but also to other consumers" consumptions.
On the other hand, the Permanent Income Hypothesis (PIH) developed by Friedman (1957) , assumes the consumers want to maximize not only their current but also life time utility, and focuses on the optimization of this issue. PIH separates consumption and current expenditure and also income and current receipts. According to PIH, the permanent component of consumption is a function of permanent component of income. According to Friedman, temporary income changes do not change temporary consumption, therefore consumers decide their level of consumption based on their permanent income levels. And thus, since the temporary consumption in aggregate is zero, the observed consumption is equal to the permanent consumption. Under these assumptions, the consumption function is in the form:
, where P presents permanent and c: MPC (5) The last hypothesis is the Life Cycle Hypothesis (LCH) (Modigliani, 1986) . LCH also considers consumers trying to maximize their life time utility, but also takes into account the evolution of household consumption and income. The most important difference from PIH is that LCH assumes finite life of households. According to LCH, when consumers decide how much to consume in the current period, they take into account their expectations regarding the future (Sachs and Larrain, 1993) . The consumption function in the LCH is:
In this form of consumption function, Y d represents disposable labor income, W represents the household financial wealth, c 1 represents the MPC on Y d and k 1 represents MPC on W.
When we look at the studies about the consumption function in the literature, we see some studies with important contributions. The first of these studies is done by Hall (1978) . In his study, Hall studied PIH and rational expectations theory together and provided evidence showing that consumption in US has random walk property and income and consumption are not co-integrated. The second study, by Davidson et al. (1978) , presents evidence regarding the error correction model of consumption. In this study, the effects of short term and long term are distinguished. It is stated that in the long run, consumption has two components; income and inflation ratio. The third study is by Engle and Granger (1987) where the authors investigated the co-integration between real per capita consumption on nondurable and real per capita disposable income over the sample period 1947-1981 for US data and found evidences showing that income and consumption are co-integrated.
In their study, Engle and Granger (1987) connect the moving average, autoregressive and error correction representation for systems, where there is co-integration. Testing for co-integration, they look at the problems of unit root tests and also tests with parameters unidentified under their null hypothesis. For this purpose, they formulate and analyze seven different statistics, where they derive the critical values of these statistics by using Monte Carlo simulation. They present several empirical examples for co-integration, one of which includes consumption and income. For the analysis of cointegration of consumption and income, they use quarterly US real per capita consumption on nondurable and real per capita disposable income. The sample period covers 1947 to 1981. Their results suggest that the error correction model is not significant even though the variables are co-integrated.
Following Engle and Granger"s investigation of the co-integration between consumption and income, other studies were executed by using different sample groups, to investigate the co-integration of income and consumption, under various consumption theories, using various estimation procedures. Robinson and Marinucci (2001) test for co-integration for consumption and income, and provide evidence that they are co-integrated, where the order of integration for the residuals is found to be higher than 0.5 but smaller than 1. Lettau and Ludvigson (2001) ; by using quarterly US aggregate consumption and labor income data, provide evidence suggesting that the two variables are co-integrated. Hualde and Robinson (2002) investigate co-integration for consumption and income and provided evidence that the residuals show long term memory where d is smaller than 1. Gil-Alana (2003), using UK and Japan data, investigates co-integration for consumption and income and the test regarding the order of integration of the residuals provided results suggesting the variables may be fractionally co-integrated, where the order of integration of residuals are greater than 0.5 but smaller than 1. Slacalek (2005) , using a sample group of 26 industrial countries, provides evidences supporting the hypothesis that consumption and disposable income are co-integrated. Rudd and Whelan (2006) , investigate consumption and labor income and conclude that they fail to reject the hypothesis that there is no co-integration between the variables, when tested with a sample of postwar US data. Dreger and Reimers (2006) , investigate the relationship between private consumption and disposable income, using a sample of EU countries and stated that their evidence on the cointegration of these variables is ambiguous.
In this study, the relationship between consumption and income will be investigated from the Absolute Income Hypothesis perspective, by using the Engle and Granger methodology, with an extension to their sample group and period. The detail of the methodology is stated in the next section. The goal in investigating the AIH, by extending the Engle and Granger sample group and period is to check how the relationship between consumption and income has changed, if at all, in the last decades, where the global economy went through many crisis, which in return might have affected the relationship between consumption and income, through affecting consumers" consumption and savings choices.
II. DATA AND METHODOLOGY
The US data is gathered from U. S. Bureau of Economic Analysis webpage (www.bea.gov). For US, we use seasonally adjusted quarterly real per capita consumption on nondurable and real per capita disposable income data for the 1947/01-2009/02 period following Engle and Granger (1987) . Han and Thury (1997) investigated co-integration for consumption and income using seasonally adjusted and raw data and provided evidence that the result do not differ. Following them, the series are transformed into logarithms before analyzing them.
The European Zone data is gathered from European Commission Eurostat webpage (http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/) and OECD webpage (www.oecd.org). For European Zone, we use seasonally adjusted quarterly nominal per capita consumption expenditure and nominal per capita disposable income data stated in national currencies for the 1975/01-2009/02 period. The nominal data is converted into real data by using the CPI (2005=100) to deflate the consumption and income series, following Dreger and Kosfeld (2003) . Then, the series are transformed into logarithms before analyzing them. Due to the difficulty in finding quarterly data, we could find sufficient time series data from the sources listed above for only seven European Zone countries: Austria, Belgium, Denmark, Finland, Germany, Italy and UK. Following Enders (Enders, W., Applied Econometric Time Series), we first present the steps for Engle and Granger (1987) methodology.
The first step is to test the variables for their integration order. For co-integration to exist, we need the variables to be integrated of the same degree. To determine the number of unit roots in each variable, we can use tests such as Dickey-Fuller test (DF test), augmented Dickey-Fuller test (ADF test), Phillips-Perron test, and some other tests as well. After applying these tests, if the results show that the variables are stationary, we do not need to proceed and it is because standard time series models can be applied to stationary variables.
In the second step, we want to estimate the long run relationship between the variables. If the results from the previous step state that both variables are I(1), we then estimate the long run equilibrium relationship in the form as:
To check whether the variables are actually co-integrated, we first denote the residuals from (7) as "ê". If we find the deviations from long run equilibrium are stationary, then we can conclude that our series are co-integrated of order (1,1). Here we can look at the auto-regression of the residuals as in:
For this equation, if we cannot reject the null stating a 1 =0, then the residual series have a unit root. Then we can conclude that the variables are not co-integrated. If the variables are both I(1) and the also the residuals are stationary, we can state that the series are cointegrated of order (1,1). Also, if the residuals of (8) are not white noise, we can use the ADF test. If we figure out that the ε t show serial correlation, we this time, need to estimate:
In the next step, we estimate the error correction model (ECM). If our previous results show that the variables are co-integrated, to estimate the ECM, we can use the residuals from the equilibrium regression. If both variables are CI(1,1), then the error correction form will be:
In the above equations, the error terms represent white noise disturbances, whereas β 1 represents the parameter of co-integrating vector and alphas are all parameters. Following Engle and Granger, we can use the previously found residuals from the long run equilibrium and rewrite (10) and (11) as:
The above equations constitute VAR in the first differences, other than the error terms. We can estimate it as a "near VAR", where we apply the same procedures applied for VAR.
As mentioned earlier, according to Keynes, the consumption function in the Absolute Income Hypothesis is in the form: C = a + bY, where a>0, 0<b<1
Where C represents the real consumption (national or household), Y represents real disposable income; a represents the autonomous consumption and b represents marginal propensity to consume (MPC). To apply in this study, taking logarithms, we can state the function as:
In the next section, we represent the empirical results for both US and Euro Zone Countries.
III. EMPIRICAL RESULTS
In this section, we present the results for the application of Engle and Granger methodology for the 8 countries studied. All the results are derived by using Eviews statistical package. For co-integration to exist, we need the variables to have unit roots and also be integrated of the same degree. Table I and the results for income series are presented in Table II .
[ Table I here]
In Table I , we see the results of ADF test and Phillips-Perron test for consumption for both level data and 1 st differenced data, as well. Also the table presents results for the models with intercept, models with both intercept and trend and also models with no intercept nor trend. Considering the results for consumption level data in Table I , we can conclude that, for all the countries studied, we can not reject the null hypothesis that the consumption data have unit root. Also, the results for 1 st differenced consumption data, we can reject the null hypothesis that the 1 st differenced consumption data have unit root. In other words, we can conclude that the consumption series are non stationary at levels and stationary at 1 st difference and have the property of I(1).
[ Table II here]
In Table II , we see the results of ADF test and Phillips-Perron test for income for both level data and 1 st differenced data. Again, the table presents results for the models with intercept, models with both intercept and trend and also models with no intercept nor trend. When we examine the results for income level data in Table I , the results are similar to the results for consumption and we can conclude that, for all the countries studied, we cannot reject the null hypothesis that the income data have unit root. Also, the results for 1 st differenced income data, we can reject the null hypothesis that the 1 st differenced income data have unit root. In other words, we can conclude that the income series are non stationary at levels and stationary at 1 st difference and have the property of I(1).
Since we can suggest that both consumption and income are I(1) for all the countries studied, next, we estimate the long run relationship between the variables. The estimated long run relationships are (with t-statistics in the parenthesis): The next step is to determine whether the residuals from the regressions above are stationary or not, to suggest that consumption and income are co-integrated. Following Engel and Granger, we use ADF in this step. The results are presented in Table III. [ Table III here]
The results of the ADF test for the residuals in Table III suggest that the residuals for Austria, Belgium, Finland and Germany, at 5 % significance level, have unit roots. In other words, the residual series for these countries are non stationary and I(1). Thus, we can conclude that consumption and income are not co-integrated for these countries. Therefore, we do not need to proceed with the ECM for these countries. The results in Table III suggest that the residuals for Denmark, Italy, UK and USA, at 5 % significance level, do not have unit roots because we can reject the null hypothesis. In other words the residual series for these countries are stationary and I(0). Since both variables are I(1) and also the residuals are stationary for these countries, we can conclude that the series are co-integrated of order (1,1).
Next, we estimate the error correction model (ECM), for the countries, for which the previous results suggest that their consumption and income series are co-integrated. These countries are Denmark, Italy, UK and USA. And the ECMs for these countries are (with t-statistics in parenthesis):
Denmark: ΔC t = 0.003396 -0.102387 ê t-1 -0.037880ΔC The above regression estimations give the ECM for the countries, for which cointegration was detected to exist previously. For all the cases, when we consider the DW values, not represented here, the models do not seem to suffer from auto correlation. For Denmark, the estimated coefficient for the error correction term in (23) is negative but not significant. Thus even though we can state that the dependent variable adjusts in the short run to its long run equilibrium value but, the evidence is not statistically significant. For Italy, the estimated coefficient for the error correction term in (25) is negative and significant. Therefore, we the evidence suggests that the dependent variable adjusts in the short run to its long run equilibrium value. In other words, the error term will correctly act to correct deviations from the long run equilibrium and if the actual equilibrium value is too low, then the error correction term will correctly raise it and vice versa. Also for UK, the estimated coefficient for the error correction term in (27) and for USA, the estimated coefficient for the error correction term in (19) are both negative and significant. Therefore, we can have make the same conclusion and suggest that, the error term will correctly act to correct deviations from the long run equilibrium. However for income, we see for all the four countries that even though the variables are co-integrated, the error correction term does not act as it does for the consumption case.
IV. CONCLUSIONS
In this study, we applied Engle and Granger methodology of co-integration and error correction model, for consumption and income series for Austria, Belgium, Denmark, Finland, Germany, Italy, UK and USA.
In the first step, we tested the consumption and income series for the existence of unit roots applying both ADF and Phillips-Perron tests. The evidences suggest that both series for all the countries studied have unit roots. Next, we estimated the long run relationship between consumption and income for all the countries and examined whether the residuals from these estimation regressions have unit roots or not by using ADF test. The evidences suggest that while the residuals for Austria, Belgium, Finland and Germany have unit roots, the residuals for Denmark, Italy, UK and USA do not have unit roots, suggesting that for the later group of countries, consumption and income series are co-integrated. As the last step, we estimated the error correction model for these later groups of countries and derived coefficients in accordance with the expected signs for Italy, UK and USA, suggesting that the consumption adjusts in the short run to its long run equilibrium value. 
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